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NATTONAT, ADVISORY COLMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO, 1407

A COMPARISON OF FLIGHT-TEST RESULTS ON A SCOUT-BCMEER
ATRPTANE WITHE 4&.7° AND WITH 10° GEOMEITRIC
DIEEDRAL IN THE WING OUTER PANELS

By Charles M. Forsyth and William E. Gray, Jr.

SUMMARY

A flight investigation of a scout-bomber mirplene with i .7°
end 10° geametric dihedral in tiie wing outer panels has heen con-
ducted in order to obtain flight-teet rssuliz portaining to the
upper limit of the wing~dihedral angle for satisgfactory hendling
gquelities. Navy specifications, which define the upper limit of
dihedral, state that the rolling moment due bo sldeelip shall never
be so great that a reversal of. rolling veloclity due to aileron yaw
occurs during ruddsr-fixed eilleron rolls and that the control-free
lateral oscillations shall demp to 1/2 amplitude in 2 cycles. The
upper limlt of geometric dihedirgl for this airplane appears to be
set by the condltion at which the rolling wveloclty approaches zero
in rudder-fixed alleron rolls at low speods end emall alleron
deflectlons rather than by any undesireble control-free lateral
osclllatory characteristica. Inesmuch as the combination of sither
of the two wing-dihedral configurations with the directional
gtabllity of the airpleans as tested did not lead to any undesirable
lateral control characteristics, a 10° dihedral angle does not
appear to be excessive for this airplans, however, with dihedral
angles slightly greater than 10°, the regulrement that the rolling
veloclty should not reverse in a rudder-fixbd roll would probably
not be met. .

The airplene with both k.79 and 10° gecmetric dihedral ]
possessed positive sbtick-fixed effective dihedral in all conditions
tested. The increase in meassured effective dihedrel with the changs
in theoretical effectlve dihedral showed fair agreement with wind-

tunnel test resulta of a %-scale model of the eilrplane.
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INTRODUCTION *

In order to obtain data related to the upper limit of goometrle
dihedral for satisfactory handling qualitles of alrplanes of the
scout-bomber type, a flight investigation has been made at the
Langley Memorilal Leronauntical Ieboratory of a scoub bomber having
10° dihedral in the wing outer punels, Reésulte of tests of the same
alrplane with 4.7° dihedral and with various teil modifications
are presented In refersnce 1. The lateral stablility characteristics
of the airplane with 10° dihedral and with tail configuration 3 are
compared with those obtained with 4.7° dihedral end with taill
configuration 3. (See reference.l.)

fYMBOLS

/

. %%
Ve calibrated airspeed (ﬁo o ‘)

fo compressibility correction aﬁ'sea level.

q dynamic pressure .
de impact pressure corrected for poslitlon eryor

o] mage denslty of alr at flight conditions

mags density of sumbient alr at sea level

0
o

wing area

P - 7 1

total aileron deflection, dsgross |

)

sidesllp angls, degrees —_
acceleration in gravitational units -
rolling veloclity, radians per second

mass

ving span

< o B ¥ ®m ™ o (03]

true airspeed, feet per second : __
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N yawirig moment
L rolling moment
X
€ yawing-moment coefficient (qS'b)
C, rolling~moment coefficient (—L—)
qSb
r dihedral angle of isolated unswept wing
geom wing geometric-dihedral angle, degrees measured at wing
leading edge ' .
Lorr wing effective-dihedral angle, degrsees ' —
CIB rate of change of rolling-moment coefficlent with sideslip -
' fac
-t
angle, per radlian (dﬁ )
CZ rate of change of rolling-moment coefficient with helix
- 1le er redian | —3
ngls, 3 (E_)
2v, .
B eirplene relative density factor (SES?)
APP ARATUS ‘ T

The alrplane tested is & two-place, midwing, single-engine
scout bomber. A three-view layout of the alrplane is presented
in Pigure 1. Pertinent details of the airplane are given in
reference 2. The tail configuration used is descrlibed in
reference 1. This tall copfiguration was used for tests with both
the 4.7° and 10° dihedral configurations. A thrust-axis-level
photogreph of the alrplane with 10° dihedral is shown in figure 2. -

Standard NACA photographically recording iInstruments synchronized _
by méans of a timer were uced to measure ths. necessary quantities. -—
Calibrated airspeed as used herein ls the reading that would be . :
given by a standard Army-Navy airspeed meter connectsd to.,a piltot-.
statlic system corrected for posltion error,
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TESTS, RESULTS, AND DISCUSSION

The deta for the configuration with 4.7° gecmetric dihedral in
the wing outer panels were taken from reference 1 end previously
unpubllished data.

Comparable test results for both dihedral configurstions are
presented of data taken fram steady sideslips, rudder-fixed alleron
rolls, rudder kloks, control-free lateral. oscillations, and
rapid "180° turns. '

Steady sideslip characterilstics obtained with ‘the esilrplane in
the clean condition with power on at airspeeds of approximately 50
end 190 miles per hour and in the landing condition at an airspeed
of about 85 miles per hour are presented in flgures 3 to 5. For
these condltions s measure of the dihedral effect for the two
dihedral configurations can be obtained from ths variation of
alleron angle with sideslip angle. The followlng table gives a
comparison of the values of daa/dﬁ' at zerc sldeslip for the

various flight conditions and the two dihedral configurations of
the ailrplane:

d5,/ap
er de
Flight condition (por doe)
_ o] 0
Fgecm = 4.7 Fgeom = 10
Lending condition; V, ™ 85 mph 0.27 0.83
Power for level £light;
clean condition; - V, & 90 mph 33 .89
Power for level rlight;
cleen condiltion; V, ® 190 mph 53 1.03

Time histories of rudder-fixed aileron rolls at low speeds are
shown in figures 6 to 8. For the same airspeed and aileron deflec-
tion the maximum value of rolling velocity was slightly lesg for the
airplane with 10° geometric dihedral than with %.7° geometric
dihedrel . Further, the rolling veloclty decrcased more rapidly
for the airplane with 10° goometric dihedral then with L.7° geometric
dihedreal as is seen from the data presented in figure 6 (aileron
deflection, approximately 2/3 full). Figure 7 shows that, with a
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small aileron deflection, the rolling velocity essentially main@ained
1ts peek value for the alrplane with 4.7° geometric dihedral.
Figure 8, however, shows that, with 10° geametric dihedresl, the
rolling veloclbty epproached zsro but 4id not reverse in low-speed
rolls with rudder fixed at small aileron deflections. The KNavy
handling-qualities specification F-2.2 (reference 3), which states
that the rolling moment due to sideslip in rudder-fixed alleron
rolls shall never be so great that a reversal of rolling veloclty
occurs due to alleron yaw, has been met with both dihedral con-
figurations. With a slightly greatsr emount of dihedral than lO°,
however, it is probable that this requirement would not have been
met In low-speed rolls. :

Calculations show that theilarge dihedral effect combined with
the rather low directional stability of ths airplane for small -
sideslip angles accounts for the reduction in rolling velocity to
almost zero in elleron xolls at lov speeds and small allsron
deflections for the 10°. geomstric-Gihedrel configuration. Unpublished

ac
wind-tunnel .tests glve &EB = 0.0011 per degree TFfor & power-on
clean conditlion at & spesed of 109 miles rer hour.

The aileron effectiveness (variation of helix engle pb/2V  with
total ailleron deflection) was measured in rudder-fixed ailleron rolls
for the 10° dihedral configuration in powerwon flight and the results
are presented in figure 9. Calculations wers made to correct the
alleron~effectiveness results for the rolling moment due to sideslip.
The correction resulted in an increase in the variation of pb/2V
with total aileron deflsction of about 1k percent for ruddeki~fixed
rolls at an sirspeed of 190 miles per hour and about 32 percent for
rolls at an airspeed of 90 miles per hour. The gideslip angles are
larger at the -time of maximum rolling veloclty for the low-spesd
rudder-fixed rolls than for the higher-speed rolls and hence the
greater correctlon at low speeds. T -

As 'obtained in steady sideslips, the effective.dihedral was
calculeted from the varlation of pb/2V with alleron deflection
corrected to zero sideslip as showid in figure 9 and from the valuss
of d8gy/d8 for airvspeeds of 90, and 190 miles per hour in the clean

condition using power for level flight. The effective dihedrals -
wore calculated from the formula . B .. .

o o EAERS
\ - (5-7'3)201 _ _22\)(3_&)
) . \ P _d-aa d-B

T L= . v
eff = . . Gy Lot
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. . E}ﬁ : o . . )
where values of = 0.74 per radian® . and CZP @ 0.47 per radian

are obtained from reference 4. The resulte are shown in the
following table: '

Peff
(deg)
Flight condition .
- 70 = o
Pgeam = h.7 ngom 10
Power for level flight;. .
clean condition, V, = 90 mph 2.3 6.1
Power for level fligﬁt;
cleen condition, V, = 190 mph] . 3.9 T

Values of &ffective dilhedral from wind-tunnel tests made in the
Langley 7= by 10-foot tunnel for various amounts of wing geometric
dihedral in the outer panels and the previocusly mentioned flight
values Tor the test airplene are presented in figure 10 as the )
veriation of measured effective dihedral with theorstical effective-

dihedral angle. The %-sééle wind-tunnel model of the airplans was

tested with the tail removed and the effective dihedral was cal-
culated by dividing the value of CZB obtained from the turnmel

by CIB/P as obtained from referenée L. The theoretical offective=-

dihedrel engle is. defined as the constant geometric-dilhedral angle
from wing root to tlp that would glve the same values of . Clﬂ as a

wing having the dihedral varied along the span. The theoretical
effective-dihedral angles were obtalned from reference 4. These.
theoretical values aere for an isolated wing having a plan form and
dihedral configuration of the test airplene.” With 1.7° geometric
dihedral in the inner panel and 4.7° and 10° in the outer panel
the theoretical effective-dihedral values would be k.29 and 8.55,
reapectively. The flight and wind-tunnel values of the varlation
of measured effective dihedral with theoretical effective dihedral
show fair agreement (fig. 10).

Data obtained in ruddsr kicks ave shown in figures 11 to 13.
These figures present a ¢omparison of the rolling moment dus to
yawing in the landing condltion at about ‘100 miles per hour, in
the gliding condition at 140 miles per hour, end in the powsr for
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level~flight condition at 140 miles per howr. As expected, the
rudder kicks with 10° geometric dihedral showed the largest variation
of rolling veloclty with ruddex. deflection. The pilot, however, did
not consider the variation of rolling velocity with rudder deflection
t0 be excessive with 10°- "geometric dihediral.

In addition to the requirement that the rolling velocity shall
not reverse in rudder-fixed aileron rolls, a further criterion -
placing an upper limit on dihedral angle F~1.2 . (reforencé 3) gtates
that the control-free lateral oscillation shall .Gamp to 1/2 amplitude
in 2 cycles. Consequently, the control-free lateral oscillation was
investigated in the clean, cruising power condition. In these tests
the rudder was deflected, held, and then releassd. In order to
induce a dutch-roll oscillation the tests should be conducted contirol
fixed, but in thils case the ruddsr hed no snaking tondencies and
returned to 1ts trim position with no oscillation of the control.

The results for the two dihedral configurations appear in figure ik,
No appreciable lateral oscillatory differenves aopear between the
two configurations. For the alrplane with 10° geometric dihedral
the nrmber of cycles to damp to 1/2 amplitude was slightly greater
at en altitude of 20,000 feet thean at 10,000 feet because of the
increase in the ailrplane relative-density factor p  with sltitude..
_ For the airplane with 4.7° geometrio dihedral the number of cycles
for the oscillations to damp to 1/2 amplitude was slightly less than
with 10° dihedral. .

Rapid 180° turns were made to determine whether the pilot
would experience dlfficuliy in coordinating the controls to avoid
any oscillatory motion because of the 10° gsometric dihedral. As
seen from the time histories of Ifigures 15 and 16,n0 such difficulty
was evidenced. : '

Rough-air tests were made for both configurations. No appreciable
difference in the handling qualitles was observed upon examination
of the records, and the pilot declared the airplane satisfactory for
rough-air flying with 10° dihedrel.

CONCLUSIONS

Flight tests of a scout-bomber airplane with 4.7° and 10° geo-
metric dihedral in the wing outer panel led to the following con-
clusions concerning the effect of the %wo gemmstric~dihedral angles
on the handling qualitles of the airplene: .
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1. No unusual or mndesirable lateral control characterlistice
were obgerved with the combinations of directianal- and lateral-
stability parameters obtained with the two dlhedral angles used.

It is concluded that use of as much as 10° geometric dihedral in
the wing outer panel did not lead to unsatisfactory lateral control
characteristics of the airplane.

2. The only limltation experienced by the alrplane with

10° dihedral was in rudder-fixed alleron rolls at lov speeds and
small ailleron deflections when the rolling velocity approached zero.
Inasmuch a8 the specification that the rolling velocity shall not
reverse. in rudder-fixed alleron rolls was met, the large dlhedral
effect wonld be accepteble. Howover, a slight increase in geometiic
dihedral above the 10° used in the test might cause a reversal of
rolling velocity in rudder-fixed alleron rolls.

3+ The control free lateral oscillatory characteristics of the
airplane with 10° geometric dihedral wore not a factor in placing
an upper limit on the wing dihedral for the airplane as tested even
wlth 1its rather low directional stabillty at small sideslip angles.

L. With both dihedral configurations, the airplane possessed
positive stlok-fixed effective dilhedral In all condltions tested.

5. The increase in measured effectlve dihedral with the changs
in theoretical effective dlhedral agreed fairly well with wind~
tunnel results.

Langley Memorial Aercnautical Leboratory
National Advisory Committes for Aeronautics
Langley Fleld, Va., June 26, 1947
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Wing faper ratio, \-----~-- 0.667
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Figure 1.~ Three-view drawing of scout~bomber airplane with 4.7° and 10° geometric dihedral
- in wing outer panels,

Arplane wewght, W ,1b-6170
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Figure 9.- Variation of helix angle pb/2V with total aileron deflection
for scout bomber. Flaps and landing gear up; power for level flight;

flight data for airplane with rgeom = 10° corrected for dCy/dps.
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Fig. 13 NACA TN No. 1407
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Figure 13.- Characteristics observed of scout bombér in level flight
with abrupt rudder kicks at an airspeed of 140 miles per hour.
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Figure 14,~ Variation of period and damping of lateral oscillation
with calibrated airspeed (cruising power; clean condition) for
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Fig. 15 NACA TN No. 1407
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Figure 15.- Time history of scout bomber in an abrupt 180° turn at an
airspeed of 174 miles per hour. = 4,7°,
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NACA TN No. 1407 Fig, 16
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Figure 16.- Time history of scout bomber in an abrupt 180° turn at an

airspeed of 174 miles per hour. | = 10°,
geom



